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Abstract
BACKGROUND: Tropical plants are recognised sources of bioactive compounds that can be used for pest control. The objective
of this study was to evaluate the biological activity of compounds present inAcmella oleracea (Asteracea) against Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae), which is the main pest of tomato crops in Latin America. The selectivity of these compounds
to the predator Solenopsis saevissima (Smith) (Hymenoptera: Formicidae) and to the pollinator Tetragonisca angustula (Latr.)
(Hymenoptera: Apidae: Meliponinae) was also of interest.
RESULTS: A bioassay screening with hexane and ethanol extracts from 23 plants was performed. The hexane extract of A.
oleraceae was the most active of the extracts and was selected for further study. The following three alkamides were isolated
from a hexane extract of the aerial parts of A. oleracea: spilanthol, (E)-N-isobutylundeca-2-en-8,10-diynamide and (R, E)-N-(2-
methylbutyl)undeca-2-en-8,10-diynamide. All of the isolated compounds showed insecticidal activity, with spilanthol being
the most active (LD50 = 0.13 µg mg−1) against T. absoluta. The alkamides were selective to both beneficial species studied.
CONCLUSION: The crude hexane extract ofA.oleraceae showed high insecticidal activity and can be used to controlT.absoluta in
organic or conventional crops. Quantification of LD50 values of isolated compounds against T. absoluta showed that alkamides
could serve as potent insecticides for T. absoluta control programmes. Spilanthol was the main alkamide active isolated. This
alkamide is the most promising as it has the highest insecticidal activity and is selective to non-target organisms.
c© 2011 Society of Chemical Industry
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1 INTRODUCTION
The tomato leafminer, Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae), is a neotropical oligophagous insect that attacks
solanaceous crops.1 Since the 1960s, it has become one of the
key pests of tomato crops in most South American countries.2
Recently, T. absoluta has also become a serious threat to
tomato production in the Mediterranean region.3 Following
detection in the Spanish tomato-growing area at the end of 2006,
T. absoluta spread quickly to other European and northern African
countries.4,5 The larvae attack tomato plants during all growth
stages, producing large galleries in their leaves, burrowing stalks,
apical buds and green and ripe fruits.
Chemical control has been the main method of control
used against T. absoluta. Horticultural growers have attempted
to decrease the damage caused by T. absoluta by applying
insecticides more than 2 times a week during a single cultivation
period.2 Tuta absoluta control is a challenge owing to the nature
of the damage it causes and its rapid ability to develop resistance
towards conventional insecticides.1,6 Thus, there is an urgent
need to develop safe alternatives to conventional insecticides for
the protection of tomato plants against T. absoluta.
The use of ecofriendly and easily biodegradable plant products
with natural insecticidal activity has increased in recent years.
To control pests without disturbing the environment, natural
products have been screened for potential sources of insecticides.
Plant materials with insecticidal properties have been used to
kill insects throughout the world for generations. These plants
are considered to be an alternative to conventional pesticides
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because of their low toxicity to warm-blooded mammals as well
as their high volatility. Botanical insecticides may be safer for
the environment than synthetic insecticides, and they are usually
easily processed and used by farmers and small industries.7
Tropical plants are recognised sources of bioactive compounds,
but less than 1% have been chemically investigated.8 They can
be used for pest control as plant extracts, horticultural oils or as
a source of molecules for pesticide synthesis such as pyrethroids
and neonicotinoids.
Acmella oleracea (L.) RK Jansen [synonyms: Spilanthes oleracea
L. and Spilanthes acmella auct. non (L.) Murr.] is an annual plant
of the family Asteraceae (Compositae) originating in the tropics
of Brazil. The distribution covers tropical and subtropical areas
around the world, and it is known in English as toothache plant
or paracress, and in Portuguese as jambu´.9 The inflorescence is
composed of yellow flowers, and the leaves have a pungent flavour
accompanied with tingling and numbness. The plant has been
used in cooking and in popular medicine, mainly for stammering,
toothache, stomatitis and throat complaints.
The plant contains alkamides including spilanthol, which is the
principal pungent compound. This chemical compound is known
for having several chemical and pharmaceutical applications. It
has shown anti-inflammatory, antibacterial, antifungal, diuretic,
sialagogic and larvicidal properties.9 The activity of A. oleracea
has been studied extensively. However, only a few studies have
assessed the insecticidal activity of compounds from this plant.
Furthermore, the majority of these studies have focused on human
health pests.10 – 13 These studies show that compounds of A.
oleracea have high insecticidal activity against insect vectors of
diseases. Therefore, the potential use of this plant species for
management of agricultural pests requires further investigation.
New compounds should provide selectivity to non-target
species, especially predators and pollinators, in addition to ef-
ficiency against insect pests. Attack by natural enemies is the
most frequent source of mortality for phytophagous arthropods
in agroecosystems, and the conservation of these organisms is
an essential component in integrated pest management (IPM).14
Furthermore, pollination is central for successful reproduction in
most plants. Thus, pollinators should be preserved because they
support the maintenance of biodiversity in the ecosystems they
inhabit.15 Although most tomato plants need no assistance with
pollinating, the presence of insects that visit flowers is important
to promote the vibrancy of the flowers and allow self-pollination.
In agroecosystems there are many species that are part of these
groups, including the predator Solenopsis saevissima (Smith) (Hy-
menoptera: Formicidae) and the pollinator Tetragonisca angustula
(Latr.) (Hymenoptera: Apidae: Meliponinae). The predation by
S. saevissima has played an important role in reducing pest insects
in agricultural systems. Way and Khoo16 cited species of the genus
Solenopsis as important agents of biological control in the tropics
and subtropics. Tetragonisca angustula is one of the most common
stingless bees in the Neotropical region. Stingless bees are gener-
alist foragers and are efficient native pollinators of the American
flora.15
Considering the potential of tropical plant species for pest
control and the importance of T. absoluta, the aims of this study
were to screen plants with insecticide activity to T. absoluta.
The goal was to isolate, identify and assess the bioactivity of
insecticide compounds present in the bioactive plant against
this key insect pest of tomato crops. Furthermore, the selectivity
of these compounds to the beneficial insects S. saevissima and
T. angustula was of interest.
2 MATERIALS AND METHODS
2.1 Insects
The bioassays were performed with second-instar larvae of
T. absoluta and adults of S. saevissima and T. angustula. Larvae
of T. absoluta were obtained from a laboratory rearing located at
the campus of the Universidade Federal de Vic¸osa (UFV), Vic¸osa,
Minas Gerais State, Brazil. Adults of S. saevissima and T. angustula
were collected from nests located around the campus of the UFV.
2.2 Plant screening
2.2.1 Plant extract preparation
Table 1 describes the plants that were used for extraction and
toxicity bioassays. The plants were chosen on the basis of available
literature, popular or indigenous knowledge and chemotaxonomy.
The plant material was identified in the botanical park of the
Federal University of Acre.
Samples of 1.0 kg from the canopy of each plant species were
collected in Rio Branco, AC, Brazil (plants of the Amazon Biome),
and in Vic¸osa, MG, Brazil (plants of the Cerrado and of general
occurrence). Each sample was lyophilised, and the dried material
was crushed and placed in a 2 L Erlenmeyer flask, with enough
hexane to submerge the plant material. After 48 h, the solvent was
removed under filtration. Ethanol extraction was performed by
grinding the samples with the solvent (100% ethanol) and waiting
for 48 h. The hexane and ethanol extracts were concentrated
under low pressure and reduced temperature (<50 ◦C). The yield
for each extract is shown in Table 1. The plant extracts were stored
at low temperature for subsequent bioassays.
2.2.2 Screening bioassay
A set of screening bioassays was performed to identify the
bioactive plant extracts to T. absoluta. The stored extracts were
diluted with acetone to a dose of 10 µg mg−1 body mass. The
average weight was obtained by measuring the mass of ten
groups containing ten insects each on an analytical balance.
The experimental design was completely randomised with six
replications. Each experimental unit consisted of a glass petri dish
(9.5 cm × 2.0 cm) containing ten insects.
The bioassays were conducted by topical application. For each
insect, a 10 µL Hamilton microsyringe was used to add 0.5 µL of
a solution of the test extract. In a control experiment under the
same conditions, 0.5 µL of hexane was applied on each insect.
After the application, the insects were kept in individual petri
dishes containing tomato leaflets (cv. Santa Clara) as food. The
petri dishes were placed in an incubator at 25±0.5 ◦C and 75±5%
relative humidity with a photoperiod of 12 h. The mortality counts
were made after 6, 12 and 24 h of treatment. Mortality included
dead individuals as well as those without movements. Mortality
data were subjected to analysis of variance, and the averages were
compared by the Scott–Knott grouping analysis test (P < 0.05).
2.3 Bioactivity of compounds from A. oleracea
2.3.1 Extract preparation of A. oleracea
The hexane extract of A. oleracea, which showed the highest
insecticidal activity in the screening bioassay, was selected for
isolation and structure elucidation of its bioactive compounds.
A total of 2.0 kg of dried and powdered aerial parts of Acmella
oleracea was used for this purpose. The solvent (hexane) was
changed every 2 days for 45 days. The extraction continued until
the solvent was colourless. The filtered extract obtained was
concentrated in a rotary vacuum evaporator under low pressure
and reduced temperature (<50 ◦C).
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Table 1. Identification of plants used in screening bioassays (scientific name and family) and yield of hexane and ethanol extracts obtained from
1.0 kg of the plant aerial parts
Yield (g)
No. Scientific name Family Hexane extract Ethanol extract
Plants of the Amazon Biome
1 Acmella oleracea L. Asteraceae 10.74 15.04
2 Banara guianensis Aubl. Flacourtiaceae 22.74 26.54
3 Banara nitida Spruce ex Benth. Flacourtiaceae 4.2 10.49
4 Clavija weberbaueri Mez. Theophrastaceae 5.42 35.88
5 Copaifera duckei Dwyer Caesalpinioideae 7.42 18.44
6 Eugenia egensis DC. Myrtaceae 7.42 18.44
7 Mayna parvifolia Sleumer Flacourtiaceae 16.95 9.23
8 Piper aduncum L. Piperaceae 7.6 11.58
9 Piper augustum Rudge Piperaceae 7.86 21.33
10 Ryania speciosa Vahl. Flacourtiaceae 8.96 77.34
11 Siparuna amazoˆnica Mart. ex A. DC. Monimiaceae 10.43 36.3
Plant of the Cerrado Biome
12 Curatela americana L. Dilleniaceae 13.26 19.87
Plants of general occurrence
13 Ageratum conyzoides L. Asteraceae 12.00 25.24
14 Allamanda cathartica L. Apocynaceae 5.31 4.51
15 Argemone mexicana L. Papaveraceae 5.98 6.48
16 Artemisia vulgaris L. Asteraceae 4.47 6.81
17 Bauhinia variegate L. Caesalpinioideae 11.48 32.02
18 Bougainvillea glabra Choisy Nyctaginaceae 7.56 9.63
19 Calendula officinalis L. Asteraceae 4.30 5.81
20 Chenopodium ambrosioides L. Chenopodiaceae 4.75 6.38
21 Coriandrum sativum L. Apiaceae 5.59 7.52
22 Spathodea campanulata P. Beauv. Bignoniaceae 12.70 28.76
23 Tropaeolum majus L. Tropaeolaceae 6.32 7.21
2.3.2 Isolation and structural elucidation of bioactive compounds
Fractionation of the hexane extract (28 g) was performed by
column chromatography (silica gel 60, 63–200 µm particle size,
70–230 mesh) using hexane with increasing amounts of ethyl ac-
etate and finally with methanol as the eluting solvents. Thin-layer
chromatography (TLC) (silica gel 60 F254, 0.25 mm) was used to
identify fractions containing similar compounds. The TLC spots
were detected under UV (254 and 365 nm) as well as by heating the
plates to 100 ◦C after spraying with phosphomolybdic acid/ethylic
alcohol. Eight fractions (A to H) were collected and subjected to
bioassay with T. absoluta using the same methods as described in
Section 2.2.2. The most toxic fractions were purified by preparative
TLC of Merck silica gel 60 F254 (20 × 20 cm plates, 0.75 mm ad-
sorbent). The different zones separated through preparative TLC
were scraped from the silica plate and were collected in separate
test tubes. Ethyl acetate (100 mL) was added to each test tube.
Thereafter, the ethyl acetate containing dissolved compounds was
filtered twice through filter paper (125 mm diameter) to remove
any suspended silica powder completely. The bioactive fraction F
was purified using hexane–ethyl acetate (6 : 1) as the mobile phase
to yield the following three major bands: I (725 mg), II (56 mg) and
III (21 mg). Band I was further purified using hexane–ethyl acetate
(1 : 2) to give compounds 1 and 2 (320 and 210 mg respectively).
The bioactive fraction G was purified with hexane–ethyl acetate
(3 : 1) as eluent to yield compound 3 (27 mg). The IR spectra of
isolated compounds were recorded on KBr in a Paragon 1000
FTIR infrared spectrometer (Perkin Elmer, Wellesley, MA) from 600
to 4000 cm−1. GC-MS was conducted with a Shimadzu QP5050A
gas chromatograph–mass spectrometer. To identify the isolated
compounds, 1H NMR and 13C NMR were recorded in a Bruker WM
400 spectrometer (Bruker Optics Inc., Billerica, MA) using CDCl3 as
a solvent and TMS as an internal standard.
2.3.3 Dose–mortality bioassays
The isolated compounds and the hexane extract of A. oleraceae
were subject to toxicity bioassays against T. absoluta, S. saevissima
and T. angustula. The insecticidal activity of neem (Azadirachta
indica A. Juss) seed kernel hexane extract and of permethrin
(92.2% purity; Syngenta), a synthetic derivative of the natural
pyrethrins recommended for T. absoluta control, were also
evaluated and used as positive controls. The experimental
design was completely randomised with six replications. Each
experimental unit consisted of a glass petri dish (9.5 cm × 2.0 cm)
containing ten insects. The average weight of each insect species
was obtained by measuring the mass of ten groups containing
ten insects each on an analytical balance.
Initially, four doses of each compound were tested to identify
the range of concentrations that would provide mortalities greater
than zero and less than 100%. Once the range of concentrations
was defined, other doses were tested for each compound. The
number of doses used to obtain the dose–mortality curves varied
from five to eight doses.
Bioassays were conducted by topical application. For each
insect, a 10 µL Hamilton microsyringe was used to apply 0.5 µL
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Table 2. Contact toxicity of plant extracts at a concentration of 10 µg of extract per mg of insect against Tuta absoluta 6, 12 and 24 h after topical
application
Mean percentage mortalitya
6 h after topical exposure 12 h after topical exposure 24 h after topical exposure
Plants Ethanol extract Hexane extract Ethanol extract Hexane extract Ethanol extract Hexane extract
Acmella oleracea 88.3 (±1.5) Ab 100.0 (±0.0) Aa 88.3 (±1.5) Ab 100.0 (±0.0) Aa 88.3 (±1.5) Ab 100.0 (±0.0) Aa
Ageratum conyzoides 26.7 (±1.9) Bb 45.0 (±2.0) Ba 35.0 (±3.1) Bb 48.3 (±2.8) Ca 35.0 (±3.1) Bb 51.7 (±3.1) Ca
Allamanda cathartica 21.7 (±2.8) Ba 18.3 (±2.1) Da 21.7 (±2.8) Ba 23.3 (±1.9) Ea 25.0 (±3.4) Ba 23.3 (±3.3) Ca
Argemone mexicana 25.0 (±3.1) Ba 20.0 (±2.4) Da 25.0 (±3.1) Bb 33.3 (±2.8) Ea 28.3 (±3.1) Bb 41.7 (±3.1) Ca
Artemisia vulgaris 5.0 (±2.0) Da 6.7 (±1.9) Ea 13.3 (±1.9) Ba 8.3 (±1.7) Gb 15.0 (±2.2) Ca 8.3 (±1.7) Eb
Banara guianensis 26.7 (±1.9) Ba 28.3 (±2.8) Ca 36.7 (±3.3) Ba 33.3 (±3.6) Ea 36.7 (±3.3) Ba 41.7 (±4.0) Ca
Banara nitida 16.7 (±3.7) Ca 13.3 (±2.9) Ea 23.3 (±3.3) Ba 18.3 (±1.7) Fa 23.3 (±3.3) Ba 18.3 (±1.7) Da
Bauhinia variegate 6.7 (±3.1) Da 8.3 (±2.8) Ea 11.7 (±1.7) Ba 15.0 (±2.2) Fa 11.7 (±1.7) Ca 15.0 (±2.2) Da
Bougainvillea glabra 25.0 (±3.1) Bb 42.5 (±2.5) Ba 33.3 (±2.1) Bb 42.5 (±2.5) Da 33.3 (±2.1) Bb 51.7 (±3.1) Ca
Calendula officinalis 13.3 (±1.9) Ca 6.7 (±1.9) Eb 13.3 (±1.9) Ba 15.0 (±2.2) Fa 13.3 (±3.3) Ca 15.0 (±2.2) Da
Chenopodium ambrosioides 15.0 (±2.0) Ca 16.7 (±3.3) Da 16.7 (±3.3) Ba 16.7 (±3.3) Fa 16.7 (±3.3) Ca 21.7 (±3.1) Ca
Clavija weberbaueri 25.0 (±2.2) Ba 28.3 (±2.8) Ca 25.0 (±2.2) Bb 36.7 (±3.3) Ea 25.0 (±2.2) Bb 36.7 (±3.3) Ca
Copaifera duckei 36.7 (±3.3) Bb 50.0 (±4.1) Ba 36.7 (±3.3) Bb 63.3 (±3.3) Ba 36.7 (±3.3) Bb 63.3 (±3.3) Ba
Coriandrum sativum 18.3 (±1.7) Cb 41.7 (±2.8) Ba 21.7 (±1.7) Bb 48.3 (±2.8) Ca 21.7 (±1.7) Bb 66.7 (±3.3) Ba
Curatela americana 31.7 (±2.8) Ba 30.0 (±3.3) Ca 41.7 (±3.1) Ba 30.0 (±3.3) Eb 41.7 (±3.1) Bb 48.3 (±1.7) Ca
Eugenia egensis 30.0 (±2.6) Ba 16.7 (±1.9) Db 30.0 (±2.6) Ba 28.3 (±2.8) Ea 30.0 (±2.6) Ba 36.7 (±2.1) Ca
Mayna parvifolia 26.7 (±3.3) Ba 20.0 (±2.4) Da 26.7 (±3.3) Ba 30.0 (±3.6) Ea 26.7 (±3.3) Ba 30.0 (±3.6) Ca
Piper aduncum 33.3 (±2.1) Ba 35.0 (±2.2) Ca 33.3 (±2.1) Ba 35.0 (±2.2) Ea 33.3 (±2.1) Ba 35.0 (±2.2) Ca
Piper augustum 35.0 (±2.2) Ba 18.3 (±1.5) Db 35.0 (±2.2) Ba 25.0 (±2.2) Eb 35.0 (±2.2) Ba 25.0 (±2.2) Cb
Ryania speciosa 15.6 (±3.9) Cb 33.3 (±3.8) Ca 18.3 (±1.7) Bb 33.3 (±3.8) Ea 18.3 (±1.5) Cb 33.3 (±3.8) Ca
Siparuna amazoˆnica 16.7 (±1.9) Ca 20.0 (±2.4) Da 25.0 (±3.1) Ba 28.3 (±3.1) Ea 26.7 (±3.0) Ba 28.3 (±3.1) Ca
Spathodea campanulata 3.3 (±1.9) Db 13.3 (±1.9) Ea 6.7 (±3.3) Cb 26.7 (±1.9) Ea 6.7 (±3.3) Db 26.7 (±1.9) Ca
Tropaeolum majus 31.7 (±3.1) Ba 33.3 (±2.1) Ca 31.7 (±3.1) Ba 33.3 (±2.1) Ea 31.7 (±3.1) Ba 33.3 (±2.1) Ca
Controlb 0.0 (±0.0) Ea 0.0 (±0.0) Fa 0.0 (±0.0) Da 0.0 (±0.0) Fa 0.0 (±0.0) Ea 0.0 (±0.0) Fa
a Means followed by the same lower-case letter in a row (for comparation between ethanol and hexane extracts) or by the same upper-case letter in
a column are not significantly different by the Scott–Knott grouping analysis test at P > 0.05.
b Only acetone was used in the control.
of a solution of the test compound dissolved in acetone. In a
control experiment, carried out under the same conditions, 0.5 µL
of acetone was applied to each insect.
After application, the insects were kept in individual petri dishes
containing the appropriate food. T. absoluta were fed tomato
leaflets (cv. Santa Clara), while S. saevissima and T. angustula both
received a mixture of honey (50%) and pure water (50%). The
mixture of honey and water was supplied in plastic containers
that were 1.5 cm in diameter and 1.0 cm in height.
The petri dishes were placed in an incubator at 25 ± 0.5 ◦C and
75±5% relative humidity with a photoperiod of 12 h. The mortality
counts were made after 24 h. Mortality included both dead
individuals and those that were no longer moving. Dose–mortality
data were subjected to probit analysis using SAS software (PROC
PROBIT; SAS) to estimate dose–mortality curves.17 Curves that had
probabilities greater than 0.05 by the χ2-test were accepted.18
2.3.4 Risk assessment to non-target insects
To determine the magnitude of selectivity of the compounds to
the beneficial insects, the selectivity ratio was calculated using the
formula SLR50 = LD50 of the insecticide for the beneficial insect per
LD50 of the insecticide for T. absoluta. Values of 1 and <1 indicate
that the chemical is non-selective to the beneficial insect. Values
of >1 indicate that the chemical is selective and/or harmless to the
beneficial insect.19 Using the dose–mortality curves, mortalities
caused to beneficial insects by the doses of the compounds that
caused 80% mortality in T. absoluta were also estimated.
3 RESULTS
3.1 Bioactivity of plant extracts (plant screening)
The hexane extract from aerial parts of A. oleracea exhibited the
highest activity of all extracts, causing 100.0% (N = 60) mortality
in T. absoluta at a concentration of 10 µg of extract per mg of
insect after 6 h of exposure. The mortality caused by the solvents
was zero (0.0%) in all of the bioassays (Table 2).
The ethanol extract of A. oleracea also showed high activity
(88.3% mortality) against T. absoluta, and was the second most
active extract. The hexane and ethanol extracts of the remainder
of the plants tested showed low insecticidal activity towards T.
absoluta (Table 2).
On the basis of these results, the hexane extract of A. oleracea
was selected for isolation and structure elucidation of its bioactive
compounds.
3.2 Isolation and structural elucidation of compounds
from A. oleracea
To obtain bioactive compounds, the hexane extract (28 g) was
fractionated by a bioactivity-guided fractionation approach, and
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Figure 1. Structure of the three alkamides isolated from Acmella oleracea:
(2E, 6Z, 8E)-N-isobutyldeca-2,6,8-trienamide (1), (E)-N-isobutylundeca-2-
en-8,10-diynamide (2) and (R, E)-N-(2-methylbutyl)undeca-2-en-8,10-
diynamide (3).
eight fractions (A to H) were obtained. The eight fractional groups
were evaluated for their insecticide activity against T. absoluta
larvae. Fractions F and G eluted with hexane–ethyl acetate
(1 : 1) were biologically active, causing 100% mortality 6 h after
administration of a dose of 10 µg mg−1 body mass. The remainder
of the fractions (A, B, C, D, E and H) caused mortalities of less than
40%.
The bioactive fraction F was purified by preparative TLC
(hexane–ethyl acetate, 6 : 1) to yield the following three major
bands: I (725 mg, RF 0.65), II (56 mg, RF 0.45) and III (21 mg, RF
0.25). Band I was biologically active and was further purified by
preparative TLC (hexane–ethyl acetate, 1 : 2) to give compounds 1
and 2 (320 and 210 mg respectively). The bioactive fraction G was
purified by preparative TLC (hexane–ethyl acetate, 3 : 1) to yield
compound 3 (27 mg).
Compound 1, (2E, 6Z, 8E)-N-isobutyldeca-2,6,8-trienamide or
spilanthol (Fig. 1) was isolated as a colourless oil. The IR spectrum
showed the presence of a secondary amide group (3340, 1636
and 1550 cm−1), a double bond conjugated to an amide carbonyl
group (1678 cm−1) and a conjugated diene group with Z, E or
E, Z configuration (987 and 953 cm−1). The MS spectrum had a
molecular ion peak at m/z 221, which indicates the molecular
formula C14H23NO. GC-EIMS 70 eV, m/z (rel. int.): 221 [M]+ (20),
206 (3), 141 (100), 126 (23), 98 (23), 81 (87), 69 (10), 53 (10). The 13C
NMR (CDCl3) and the 1H NMR (CDCl3) spectra showed spilanthic
acid. On the amine moiety, the typical signals at δ 3.15 (2H, t,
H-1′), 1.78 (1H, m, H-2′), and 0.93 (6H, d, H-3′, 4′) in 1H NMR and δ
46.9 (C-1′), 28.6 (C-2′) and 20.1 (C-3′,4′) in 13C NMR indicated the
presence of an isobutylamino group. All of the spectral data were
in agreement with those of spilanthol (1) in the literature.20
Compound 2 was isolated as a colourless crystal. In the 1H
NMR spectrum, characteristic signals at δ 3.18 (dd, H-l′), 1.79 (m,
H-2′) and 0.91 (d, H-3′ and H-4′) indicated the isobutylamide
moiety. This compound was identified as (E)-N-isobutylundeca-
2-en-8,10-diynamide (Fig. 1) by comparing its 1H NMR spectral
data with published values.21 The 13C NMR spectrum (Table 4) was
consistent with published data.10
Compound 3, (R, E)-N-(2-methylbutyl)undeca-2-en-8,10-diyn-
amide (Fig. 1), was isolated as a colourless oil. The IR spec-
trum presented absorption bands attributable to a triple bond
(2225 cm−1) in addition to a secondary amide group (3299, 1627
and 1554 cm−1) and a double bond conjugated with an amide
carbonyl group (1669 cm−1). The 1H NMR spectrum revealed sig-
nals at δ 5.77 (d, J = 15 Hz) and 6.80 (dt, J = 15 Hz and 7 Hz) which
have been attributed to olefinic protons H-2 and H-3 respectively.
On the amine moiety, a pair of 1H ddq signals at δ 1.17 and 1.41
are attributed to methylene protons of C-3′, and a pair of ddd
signals at δ 3.14 and 3.27 are attributed to methylene protons of
C-1′ owing to the presence of asymmetric carbon at C-2′. The 13C
NMR spectrum gave rise to 16 carbon signals. Five carbon signals
at δ 45.2, 35.1, 27.1, 11.3 and 17.2 confirmed a 2-methylbutylamine
moiety. The 13C NMR and 1H NMR signals correspond well to the
literature.20
3.3 Bioactivity of isolated compounds
The dose–mortality results from insecticide application in larvae
of T. absoluta showed low χ2 and high P-values (<7.7 and >0.103
respectively), indicating the suitability of the probit model for
fitting the dose–response curves and consequently obtaining
estimates of the mortality parameters LD50 and LD80 (Table 3).
Compound 1 (spilanthol) exhibited the highest toxicity to
T. absoluta, with the lowest LD50. Furthermore, spilanthol (1)
was approximately 5 times more toxic than permethrin and
approximately 321 times more potent than A. indica extract
(Table 3).
The compounds (E)-N-isobutylundeca-2-en-8,10-diynamide
(2) and (R, E)-N-(2-methylbutyl)undeca-2-en-8,10-diynamide (3)
showed insecticidal activity similar to that of the commercial
insecticide permethrin. In comparison with the extract of A. indica,
compounds 2 and 3 were respectively about 62 and 52 times more
toxic to T. absoluta (Table 3).
The A. oleracea extract was less toxic than the isolated
compounds, but it showed good insecticidal activity. It was 23
times more toxic than the neem extract (Table 3).
3.4 Selectivity of isolated compounds
The dose needed to kill 50% of the test population (LD50) was
determined for the beneficial insects (Table 4) and used to calculate
selectivity ratios of the insecticides for the two beneficial insects
(Table 5). The A. oleracea extract and compounds 1, 2 and 3
were selective to the predator S. saevissima and the pollinator T.
angustula relative to T. absoluta, with a selectivity ratio (SLR50)
greater than 1.0 (Table 5). For the A. oleracea extract, the doses
that caused 50% mortality of T. absoluta larvae were respectively
36 and 39% lower than the doses that caused the same mortality
to S. saevissima and T. angustula. The estimated mortalities of S.
saevissima and T. angustula by the LD80 of this extract to T. absoluta
were 56 and 55% respectively (Table 5).
For compounds 1, 2 and 3, the doses that caused 50% mortality
of T. absoluta larvae were respectively 38, 39 and 64% lower
than the doses that caused the same mortality to S. saevissima.
Furthermore, the doses were 169, 37 and 35% lower than the doses
that caused the same mortality to T. angustula. The estimated
mortality of S. saevissima and T. angustula by the LD80 of these
compounds to T. absoluta ranged from 55 to 68%. However, the
LD50 of permethrin for T. absoluta was respectively 15.4 and 2366.7
times higher than the LD50 for S. saevissima and T. angustula. These
results indicate that permethrin is harmful to the beneficial insects.
The estimated mortality of S. saevissima and T. angustula by the
LD80 of this insecticide to T. absoluta was 100% (Table 5).
Based on the SLR50, the neem extract was selective to
S. saevissima. However, the DL80 of neem extract to T. absoluta
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Table 3. Contact toxicity of Acmella oleracea hexane extract and of spilanthol (1), (E)-N-isobutylundeca-2-en-8,10-diynamide (2) and (R, E)-N-(2-
methylbutyl)undeca-2-en-8,10-diynamide (3) extracted from aerial parts of A. oleracea against Tuta absoluta 24 h after topical application
Treatments Na LD50 (µg mg−1) (95% FL)b LD80 (µg mg−1) (95% FL)b Slope ± SE χ2 P-value
Acmella oleracea extract 420 1.83 (1.43–2.04) 2.94 (2.50–3.83) 1.00 ± 0.06 4.50 0.480
Compound 1 600 0.13 (0.09–0.16) 0.56 (0.41–0.84) 0.39 ± 0.01 1.69 0.998
Compound 2 420 0.49 (0.39–0.62) 1.34 (1.06–1.79) 0.53 ± 0.03 2.01 0.987
Compound 3 540 0.81 (0.46–1.18) 1.76 (1.21–3.55) 0.51 ± 0.04 1.06 0.998
Azadirachta indica extractc 420 41.73 (37.90–46.99) 98.19 (86.78–114.90) 2.21 ± 0.09 6.27 0.370
Permethrinc 360 0.71 (0.38–1.08) 2.57 (1.60–4.72) 0.63 ± 0.04 7.70 0.103
a Number of insects tested.
b Lethal dose with 95% fiducial limits (FL).
c Positive control.
Table 4. Contact toxicity of Acmella oleracea hexane extract and of spilanthol (1), (E)-N-isobutylundeca-2-en-8,10-diynamide (2) and (R, E)-N-(2-
methylbutyl)undeca-2-en-8,10-diynamide (3) extracted from aerial parts of A. oleracea against Solenopsis saevissima and Tetragonisca angustula 24 h
after topical application
Treatments Na LD50 (µg mg−1) (95% FL)b LD80 (µg mg−1) (95% FL)b Slope ± SE χ2 P-value
Solenopsis saevissima
Acmella oleracea extract 420 2.48 (2.14–2.84) 5.47 (4.71–6.54) 0.68 ± 0.03 3.75 0.967
Compound 1 420 0.18 (0.13–0.23) 1.12 (0.73–2.24) 0.44 ± 0.03 6.02 0.450
Compound 2 360 0.67 (0.54–0.82) 2.22 (1.78–2.88) 0.47 ± 0.03 6.37 0.278
Compound 3 420 1.33 (1.06–1.63) 4.40 (3.53–5.70) 0.47 ± 0.03 6.12 0.354
Azadirachta indica extractc 360 72.65 (68.47–76.63) 92.50 (87.39–99.10) 2.76 ± 0.25 1.42 0.999
Permethrinc 300 0.046 (0.029–0.073) 1.458 (0.682–4.453) 0.28 ± 0.02 4.69 0.450
Tetragonisca angustula
Acmella oleracea extract 420 2.55 (2.22–2.86) 4.28 (3.82–4.90) 1.08 ± 0.07 3.62 0.608
Compound 1 420 0.35 (0.29–0.42) 0.81 (0.67–1.01) 0.68 ± 0.02 1.62 0.998
Compound 2 360 0.67 (0.48–0.86) 2.02 (1.55–2.91) 0.55 ± 0.05 7.49 0.112
Compound 3 420 1.10 (0.89–1.33) 2.26 (2.16–3.47) 0.58 ± 0.03 1.81 0.994
Azadirachta indica extractc 360 29.52 (25.23–34.15) 71.04 (59.62–88.92) 0.68 ± 0.05 6.93 0.399
Permethrinc 300 0.0003 (0.0002–0.0005) 0.002 (0.001–0.004) 0.40 ± 0.02 4.95 0.427
a Number of insects tested.
b Lethal dose with 95% fiducial limits (FL).
c Positive control.
caused a mortality of 84 and 98% to S. saevissima and T. angustula
respectively (Table 5).
4 DISCUSSION
The plant species showing the highest insecticidal activity in
the present study was the toothache plant Acmella oleracea.
Furthermore, the activity was higher in the hexane extract
than in the ethanol extract. The insecticide activity of A.
oleraceae extracts has been reported for several insect vectors
of diseases such as Aedes aegypti Linn, Anopheles stephensi Liston,
Anopheles culicifacies Giles and Culex quinquefasciatus Say (Diptera:
Culicidae).10 – 13 However, there is no thorough study on the effect
of this plant on insect pests of agricultural crops.
The bioactivity of A. oleracea is due to alkamides present in the
plant. The main active amide in the plant is an isobutylamide,
(2E, 6Z, 8E)-N-isobutyldeca-2,6,8-trienamide, commonly known as
spilanthol.22,23 These alkamides have a pungent effect and have
been studied for various purposes. The flowers and leaves of A.
oleracea are used in cooking and in popular medicine, mainly as
an analgesic for toothache. The spilanthol is known for having
several chemical and pharmaceutical applications in addition to
the analgesic for toothache already mentioned. It is used for the
treatment of aphtha and herpes, for stomatitis and infections in the
throat, in treatment of tuberculosis, as a sialagogue, as a fungistat
and fungicide against Aspergillus spp., as an antimutagenic agent
and as a cicatrisant.24 – 26
The results also showed that the alkamides evaluated in
this study have the potential to control arthropods of agri-
cultural importance. Three alkamides were identified in the
bioactive fractions of the hexane extract of A. oleracea [spilan-
thol, (E)-N-isobutylundeca-2-en-8,10-diynamide and (R, E)-N-(2-
methylbutyl)undeca-2-en-8,10-diynamide]. This study evaluated
the effect of A. oleracea on T. absoluta, an important pest of tomato
in the world. The results showed that all of the compounds iso-
lated had high insecticidal activity that was at least as toxic as
permethrin, a pyrethroid recommended for control of T. absoluta.
Furthermore, the compounds were far more toxic than the neem
extract. The high efficiency of these compounds, combined with
the ready availability from natural sources and the friendlier envi-
ronmental footprint, makes this plant an excellent candidate as a
future natural insecticide.
The results from this study showed that alkamides 1, 2 and 3
were selective to S. saevissima and T. angustula. The tolerance of
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Table 5. Risk assessment of Acmella oleracea hexane extract and of spilanthol (1), (E)-N-isobutylundeca-2-en-8,10-diynamide (2) and (R, E)-N-
(2-methylbutyl)undeca-2-en-8,10-diynamide (3) extracted from aerial parts of A. oleracea on adults of Solenopsis saevissima and Tetragonisca
angustula
Solenopsis saevissima Tetragonisca angustula
Treatment SLR50a Category of insecticide Mortality (%)b SLR50a Category of insecticide Mortality (%)b
Acmella oleracea extract 1.36 Selective 56 1.39 Selective 55
Compound 1 1.38 Selective 68 2.69 Selective 58
Compound 2 1.39 Selective 57 1.37 Selective 62
Compound 3 1.64 Selective 55 1.35 Selective 59
Azadirachta indica extractc 1.74 Selective 84 0.70 Non-selective 98
Permethrinc 0.00042 Non-selective 100 0.065 Non-selective 100
a A selectivity ratio at the LD50 (SLR50) of >1 indicates that the insecticide is selective (more toxic to the pest than to the natural enemy).
b Mortality estimated by the CL80 (lethal concentration for 80% of populations) of compounds to Tuta absoluta.
c Positive control.
beneficial insects to alkamides could be related to lower rates of
insecticide penetration through the integument, higher rates of
insecticide breakdown and relative insensitivity of the target site
in natural enemies compared with T. absoluta.27 – 31
The selectivity provided by alkamides to S. saevissima and
T. angustula suggests that the use of these compounds to
control T. absoluta presents a low risk to these beneficial
insects. Furthermore, the results from this study showed that
all compounds had a lower toxicity than permethrin (insecticide
already used to control T. absoluta) to all non-target species
studied. This finding indicates that the alkamides are less harmful
to the beneficial insects. Thus, to preserve the predator and the
pollinator investigated in this study, the use of these compounds
for pest control can be recommended as a strategy to manage
these beneficial insects.
Physiological selectivity is based on the use of insecticides
that are more toxic to the target pest than the natural enemies
and should always be considered when controlling pests.
Furthermore, the principles of ecological selectivity should also be
considered.32,33 The ecological selectivity is related to the different
methods of applying insecticides as a means to minimise exposure
of natural enemies to the insecticide.32 It is of utmost importance
to use selective insecticides to preserve the beneficial species in
the ecosystem, and it is necessary to resort to strategies that will
enable the achievement of ecological selectivity even if the use of
selective insecticides is not possible. With ecological selectivity, an
insecticide can be applied with a methodology designed to make it
selective. The low stability of botanical pesticides and consequent
rapid degradation in the environment are characteristics that
favour ecological selectivity, because they reduce the exposure
time of beneficial organisms to toxic compounds.
The mechanism of action of active alkamides found in A.
oleracea has not yet been determined. It appears to affect the
nervous system, as evident from abnormal movement such as
uncoordinated muscular activity. This effect suggests that the
compounds disturb nerve conduction somewhere. The analgesic
activity of spilanthol in humans has been attributed to an
increased GABA release in the temporal cerebral cortex,34 while
other bioactive alkylamides are acting on voltage-gated sodium
channels.35 The mortality after short exposure to the compounds
indicates that alkamides greatly disturb the ongoing processes of
histolysis of larval tissues. Saraf and Dixit12 observed rapid mortality
of pupae of A. culicifacies, C. quinquefasciatus and A. aegypti
when exposed to spilanthol. These results suggest that spilanthol
interferes in histolysis and histogenesis processes. Further research
is needed to address this question.
Overall, the results of this research indicate that the A. oleracea
extract is the most promising among the plant extracts studied. The
active alkamides from A. oleracea can be a potential alternative for
controlling T. absoluta and should be studied further for other
agricultural pests. All compounds presented high insecticidal
activity for the insect pest T. absoluta and selectivity for beneficial
insects S. saevissima and T. angustula. Given the vital need for
environmentally friendly chemicals that represent new insecticide
groups with novel mechanisms of action, low persistence in
the field and low toxicity to mammals and non-target species,
the feasibility and impacts of using natural chemicals in pest
management programmes require further attention. It must be
remembered, however, that the biological activity of a chemical
is a function of its structure rather than its origin. The biological
properties of a chemical depend on its structure and the way in
which the chemical is used. Bioactive alkamides from A. oleracea
have been found to be harmless to the majority of vertebrates and
lethal to invertebrates.36,37 Because A. oleracea is widely used as
both food and folk medicine in its region of origin, it is assumed that
its toxicity to humans is extremely low. However, the actual risks
of using these natural products should be identified. Therefore, to
assess the feasibility and impacts of using A. oleracea alkamides
in agriculture, more research on the effects on humans and the
environment should be performed.
5 CONCLUSION
The hexane extract of A. oleraceae showed high insecticidal activity
and can be used to control T. absoluta in organic or conventional
crops. Quantification of LD50 values of isolated alkamides of A.
oleracea against T. absoluta showed that alkamides could serve
as potent insecticides for T. absoluta control programmes. The
spilanthol was the main alkamide active isolated. This alkamide is
the most promising, as it had the highest insecticidal activity and
was selective to non-target organisms. Therefore, spilanthol and
the other alkamides isolated are potential pest management tools
likely to have their insecticide activity improved through organic
synthesis guided by studies of quantitative structure–activity
relationships.
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